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INTRODUCTORY  SUMMARY 


This  paper  summarizes  the  results  of  a reconnaissance  examination  of 
ructure  in  the  plateaus  region  of  northern  Pennsylvania.  The  area  considered 
tends  from  northern  Clearfield,  Elk,  and  McKean  counties  on  the  west  to  the 
laware  River  and  includes  about  12,000  square  miles.  Twenty  anticlines  in  this 
sa  have  a total  length  of  about  1,000  miles  and  on  these  antiolines  are  about 
! domes  that  may  be  considered  favorable  sites  for  the  accumulation  of  petroleum. 

In  1930  gas  in  large  volume  was  discovered  by  wells  in  Tioga  County  in 
1,3  Oriskany  sand,  a "deep"  sand  of  this  region.  Two  promising  gas  fields  have 
ijace  been  developed  and  further  exploration  is  in  progress. 

The  manner  of  the  occurrence  of  gas  and  oil  in  the  "shallow"  sands  of 
istem  Pennsylvania  is  reviewed  and  the  probable  occurrence  of  gas  in  the 
;iskany  sand  is  discussed. 

Attention  is  called  to  the  fact  that  faulting  has  been  recognised  at 
i per  cent  of  the  domes  mapped  and  the  effect  of  faulting  at  the  developed 
lelds  is  emphasized. 

Wells  that  have  been  drilled  to  or  below  the  Oriskany  sand  in  Pennsyl- 
mia  are  listed  and  their  location  shown  on  maps  attached. 


RELATION  BETYJEEN  INTENSITY  OP  FOLDING  AND  THE 
OCCURRENCE  OF  OIL  AND  GAS  IN  PENNSYLVANIA 


It  is  believed  that  the  occurrence  of  oil  and  gas  in  Pennsylvania,  in 
immer'cial  quantities  at  least,  is  confined  to  the  plateau  regions  of  the  State, 
grface  indications  of  oil  and  gas  are  known  in  the  region  east  and  south  of  the 
jlegheny  Front  (Fig.  1),  but  experience  has  not  demonstrated  and  it  perhaps  is 
it  to  be  expected  that  oil  and  gas  are  present  here  unless  in  amounts  so  small 
Jat  the  product  could  not  return  the  cost  of  finding  it. 

This  generalization  is  based  upon  our  knowledge  of  the  difference  in  the 
utensity  of  the  forces  that  have  deformed  the  rocks  of  the  State.  Broadly 
leaking  the  intensity  of  deformation  in  Pennsylvania  decreases  from  southeast  to 
: rthwest.  In  the  extreme  southeastern  part  of  the  State  is  found  schist,  marble, 
eiss,  and  other  metamorphic  rocks  that  are  formed  under  conditions  of  extreme 
;essure  and  heat.  Between  this  belt  of  metamorphic  rocks  and  the  Allegheny  Front 
\e  rocks,  although  not  metamorphosed,  are  highly  folded,  often  overturned,  and 
:ich  faulted.  In  such  environments  we  do  not  expect  to  find  petroleum.  Any  pe- 
•oleum  originally  there  probably  has  been  so  dissipated  by  the  heat  induced  by 
iformation  that  only  traces  of  it  now  remain. 

YVest  and  north  of  the  Allegheny  Front  is  the  plateaus  region.  Here  the 
>cks  are  relatively  gently  folded,  the  intensity  of  folding  as  a rule  diminish- 
lg  with  distance  from  the  Front.  Hear  the  Front  are  such  pronounced  folds  as 
lestnut  Ridge  and  Laurel  Hill  that  go  to  make  up  the  Allegheny  Mountains.  In 
lese  folds  dips  measure  up  to  15°  or  more  and  amplitude  exceeds  2,000  feet;  the 
)lds  are  notable  for  their  continuity  and  parallelism  and  for  the  constancy  of 
leir  axial  trend.  As  distance  from  the  Front  increases,  the  amplitude  of  fold- 
ag  diminishes  until  in  western  Pennsylvania  the  rocks  are  only  gently  warped. 

3re  dips  are  measured  in  feet  to  the  mile,  amplitude  in  tens  of  feet,  and  axes 
3e  pronouncedly  sinuous. 

The  number  of  the  named  anticlines  in  the  plateau  region  of  Pennsylvania 
xceeds  40.  In  a large  way  all  of  them  are  irregularities  on  the  limbs  of  the 
ppalachian  geosynoline.  The  axis  of  the  geosyncline  may  be  said  to  coincide 
oughly  with  a slightly  arcuate  line  drawn  from  the  southwest  corner  of  the  State 
o the  southwest  corner  of  McKean  County.  The  Ninevah  syncline  marks  the  axis  of 
he  geosyncline  in  southwest  Pennsylvania.  East  and  west  of  this  geaxial  line 
rests  of  successive  anticlines  increase  in  altitude.  The  geosynclinal  axis 


plunges,  southwest. 

The  principal  oil  and  gas  belt  of  the  State  eoinbides  rather  closely 
with  the  more  gently  folded  area  of  the  plateau.  As  the  volatile  hydrocarbon 
content  of  coal  is  inversely  proportional  to  the  intensity  of  folding  to  which 
the  coal  has  been  subjected,  high  volatile  ooal  is  synonymous  with  gentle  fold- 
ing, and  low  volatile  coal  with  more  intensive  folding.  In  a coal  country  it  is 
convenient,  therefore,  to  express  the  relative  intensity  of  deformation  by 
isovols  or  lines  that  indicate  equal  volatile  matter  in  coal.  Fig.  1 shows  the 
distribution  of  the  fields  that  are  dominantly  oil-producing,  the  fields  that 
are  dominantly  gas-produoing,  and  isovols.  From  this  map*  it  is  apparent  that 
most  of  the  oil  fields  of  Pennsylvania  occur  in  regions  where  the  ooals  have  38 
per  cent  or  more  volatile  hydrocarbon  content,  that  is,  in  areas  of  the  plateau 
that  have  been  most  gently  folded}  also,  that  where  the  volatile  hydrocarbon 
content  of  the  coals  is  less  than  38  per  oent,  gas  rather  than  oil  may  be  ex- 
pected to  occur.  We  do  not  know  how  low  the  volatile  hydrocarbon  content  of  the 
ooals  of  an  area  must  be  before  that  area  can  be  condemned  as  possible  gas-pro-  ' 
ducing  country.  Most  of  the  as  yet  discovered  gas  fields  of  Pennsylvania  lie 
west  of  the  30  isovol  line  but  fields  have  been  found  in  Pennsylvania  where  the 
volatile  content  of  ooal  is  only  17.5  per  cent. 

Isovol  data  must  of  course  be  used  only  in  a very  general  way.  It  will 
be  noted  that  in  southwest  Pennsylvania  where  ooal  is  present  almost  everywhere 
and  the  isovol  lines  are  drawn  on  abundant  data,  the  lines  are  not  simple.  In 
Cambria  County,  for  instance,  an  "island"  of  22.5  coal  occurs  east  of  the  17.5 
isovol.  In  northern  Pennsylvania  where  coal  underlies  only  a fraction  of  the  sur- 
face our  data  are  less  complete  and  our  isovol  lines  correspondingly  more  simple. 
If  "islands"  exist  they  are  not  known  to  us.  These  "islands"  are  in  effect  pro- 
tected areas  in  which,  due  to  the  presence  of  a more  capable  rock  for  instance, 
the  coal  has  been  protected  somewhat  from  the  effect  of  the  deforming  forces. 

What  applies  to  ooal  is  applicable  to  petroleum  and  it  is  readily  conceived  that 
within  an  apparently  unfavorable  area  as  judged  by  incomplete  isovol  data  there 
may  exist  an  "island"  area  of  inoreased  favorability.  An  example  is  seen  at 
Gaines,  Tioga  County,  where  a small  but  commercial  oil  field  was  discovered  east 
of  the  30  isovol. 

In  spite  of  the  exceptions  we  can,  however,  say  with  assurance  that  the 
chances  of  finding  oil  fields  decrease  rapidly  with  distance  east  of  the  38 
isovol,  and  for  gas  fields  east  of  the  30  isovol.  Further,  that  in  prospecting 
for  gas  in  the  unproven  area  of  northern  Pennsylvania  favorability  diminishes 
from  northwest  to  southeast. 

♦That  a definite  relationship  exists  between  the  occurrence  of  petroleum  and  the 
Volatile  hydro oar bon  content  of  coal  was  first  pointed  out  by  David  White. 

The  isovol  lines  were  compiled  by  J.  D.  Sisler,  for  the  Pennsylvania  Geol.  Sur- 
vey from  coal  analyses  made  by  the  II.  S.  Bureau  of  Mines. 

Footnote:  The  isovol  map  we  present  was  prepared  by  plotting  coal  analyses 

values  (pure  coal  basis)  geographically  without  regard  for  the  stratigraphic 
horizon  involved  and  by  contouring  the  results.  Closer  accord  between  vola- 
tile hydrocarbon  values  and  the  occurrence  of  oil  and  gas  in  any  area  could 
be  had  by  reducing  the  hydrocarbon  values  to  a common  datum. 

Also  the  more  nearly  the  horizon  contoured  coincides  with  the  horizon 
of  the  oil-and  gas-  producing  sands,  the  more  useful  the  result  will  be. 

Most  of  the  oil  and  gas  sands  of  Pennsylvania  lie  stratigraphically  well  be- 
low most  of  the  coals.  In  calculating  what  the  hydrocarbon  value  might  be 
at  the  deeper  sand  horizons,  account  would  have  to  be  taken  of  the  uncon- 
formity at  the  base  of  the  Pottsville  and  of  the  effect  of  probable  recurr- 
ing deformation  below  that  unconformity.  Considered  thus,  an  isovol  line 
does  not  represent  the  intersection  of  a vertical  plane  with  the  map,  hut 
of  an  irregular  surface  inclined  toward  the  west. 
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RELATION  OF  STRUCTURE  TO  THE  ACCUMULATION  OF 
OIL  AND  GAS  IN  WESTERN  PENNSYLVANIA* 


When  the  oil  and  gas  fields  of  western  Pennsylvania  are  plotted  on  a 
map**  showing  structure  contours  very  little  relationship  between  the  occurr- 
ence of  oil  and  gas  and  structural  highs  is  apparent.  This  does  not  mean  that 
the  structural  theory  of  accumulation  is  not  operative,  however,  but  rather 
that  the  expected  relationship  is  conoealed  by  stratigraphic  and  other  factors. 

In  western  Pennsylvania  40-odd  sandstone  horizons  are  reoognised,  dis- 
tributed through  more  than  6,000  feet  of  section  that  includes  rocks  of  Silurian, 
Devonian,  Mississippian,  and  Pennsylvanian  age.  (See  table,  page  4).  The  number 
of  named  oil  sands,  many  supposed  equivalents,  greatly  exceeds  40.  In  south- 
western Pennsylvania  the  youngest  of  this  series  is  near  the  surface;  going  north- 
east successively  older  members  come  to  the  surface  and  in  north-central  Pennsyl- 
vania the  oldest  members  of  the  group  are  within  easy  reach  of  the  drill. 

One  of  the  outstanding  characteristics  of  this  series  of  sandstone  hori- 
zons is  the  lenticularity  of  individual  sands.  This  "lentioularity"  may  be  ac- 
complished either  by  an  actual  dying  out  of  the  sand, by  transition  into  shale,  or 
by  the  porosity  or  permeability  of  the  sand  diminishing  to  the  point  where  it 
ceases  to  be  a capable  reservoir.  When  an  oil-or  gas-bearing  sand  quits  on  the 
flank  of  a fold  it  is  obvious  that  accumulation  of  its  petroleum  content  must  be 
localized  at  the  upper  effective  limit  of  the  sand.  The  structural  theory  is 
operative  only  insofar  as  the  reservoir  rock  permits  it  to  function  and  the  result 
is  that  accumulation  occurs  in  these  sands  in  almost  any  structural  position. 

Another  factor  that  modifies  the  effect  of  structure  on  accumulation  is 
the  water  content  of  a sand.  Some  of  the  sands  of  our  Pennsylvania  series  are 
dry,  others  saturated,  and  others  partly  saturated.  Oil  cannot  occur  higher  on 
structure  than  just  above  the  water  line.  If  a sand  is  continuous  over  a struc- 
tural dome,  is  saturated  with  water  and  carries  oil  and  gas,  we  have  the  ideal 
situation  for  an  orthodox  occurrence  according  to  the  structural  theory  - ga3 
will  be  highest  on  structure,  oil  below  it,  and  water  below  the  oil.  In  dry  sands 
oil  tends  to  accumulate  at  the  bottom  of  the  syncline;  in  partly  saturated  sands 
the  oil  line  is  at  the  top  of  the  water  line.  In  a region  of  small  gentle  folds 
and  plunging  axes  the  oil  content  of  a partly  saturated  sand  may  therefore  be  dis- 
tributed throughout  a relatively  narrow  belt  that,  following  a contour,  may  appear 
on  the  plunge  of  adjacent  anticlines  and  synclines. 

It  is  readily  understood  why,  in  the  presence  of  numerous  superimposed 
lenticular  sands  of  variable  water  content,  a usable  picture  of  the  relation- 
ship of  petroleum  accumulation  to  structure  cannot  be  had  by  plotting  productive 
areas  on  a structure  map.  To  get  an  adequate  picture,  each  producing  sand  needs 
be  considered  as  a pool  in  itself,  for  in  any  field  the  factors  that  govern  ac- 
cumulation may  differ  for  each  of  the  sands  present. 

In  addition  to  the  sand  factors  that  mask  the  apparent  relation  of  pe- 
troleum occurrence  and  structure,  there  are  structural  factors  that  also  sire  ef- 
fective. . 


An  ever  present  influence  is  the  absence  of  accord  between  surface  and 
subsurface  sixes,  due  to  asymmetry  of  the  folds.  The  amount  of  this  discordance 
tends  to  increase  with  depth  of  the  producing  horizon  below  the  surface  and  with 
the  steepness  of  the  limbs  of  the  fold. 

Further  discordance  between  surface  and  subsurface  structure  results 
from  unconformity.  Throughout  most  of  the  southern  half  of  the  oil  and  gas 
fields  region  wells  start  above  the  unconformity  that  marks  the  base  of  the  Potts- 
ville  (Pennsylvanian)  formation  and  very  appreciable  differences  have  been  shown 

♦For  a more  detailed  discussion,  see  Pennsylvania  Geol.  Survey  Bull.  M-l,  The  Oil 
and  Gas  Fields  of  Pennsylvania,  1922. 

**0il  and  Gas  Fields  Map  of  Western  Pennsylvania,  Pennsylvania  Geol.  Survey,  1932. 
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Correlation  table  of  principal  oil  and  gas  sands  and  marker  horizons 

of  Pennsylvania,.  * 


Intervals 

Driller’s  names 
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Geologic  names  of 

Correlation  below  Big  Injun  and 
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outcropping  beds 
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xn 
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First  name  most  widely  used. 

m £ 

O 

A 

Monon- 

gahela 

Pittsburgh  coal 

Pittsburgh  coal 

0 

A 

tD 

. £3 

Morgantown  sandstone 

Murphy  sand 

140 

700 

Saltsburg  sandstone 

Little  Dunkard,  Cow  Run  sand 

310 

A 

< 

J2 

CO 

+J 

© 03 
O g 

Mahoning  sandstone 

Big  Dunkard,  Hurryup  sand 

515 

530 

p 

►» 

Upper  Freeport  coal 

Upper  Freeport  or  Connellsville  coal 

625 

430 

>H 

© 

Freeport  sandstone 

Upper  Gas  or  Second  Cow  Run  sand 

670 

390 

A 

X 

Kittanning  sandstone 

Middle  Gas  sand 

200 

A 

Vanport  limestone 

Ferriferous  limestone 

Clarion  sandstone 

Lower  Gas  sand 

825 

190 

1—1 

® O 

Homewood  sandstone 

First  Salt  sand 

915 

130 

630 

430 

Connoquenessing  sandstone 

Second  Salt  sand 

1000 

60 

(2* 

Sharon  (Olean)  sandstone 

Third  Salt  sand,  Maxton  sand 

— 

Greenbriar  limestone 

Little  lime.  Salvation  sand 

1100 

£ c 

Red  shale 

Pencil  cave 

1120 

So 

o 

c 

Loyalhanna  limestone 

Big  Lime,  Mountain  limestone 

1150 

a 

0) 

® £ 

A 

<u 

s % 

•<1 

a 

m 

E 
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Burgoon  sandstone 

Big  Injun  or  Mountain  sand 

1200 

0 

880 

o 

Shenango  sandstone 

02 

m 

O 

c 

t£ 

l* 

3 

in 

o 

« 

in 

o 

a 

A - 

Meadville  (Patton) 

Red  shale 

1550 

300 

£ tD 

Sharpsville  sandstone 

Squaw  sand 

1600 

290 

7Z 

a> 

o « 

Sunbury  (Orangeville) 

Papoose  sand 

1715 

73 

a” 

Berea  (Corry)  sandstone 

Berea  and  Murrysville,  Butler- 

S-4 

s 

thirty-foot,  Second  Gas. 

1775 

550 

150 

Cussewago  sandstone 

Hundred-foot,  Fifty-foot,  and  Gantz 

First  sand  of  Venango  County 

1875 

750 

0 

Riceville  shale 

Thirty-foot,  Nineveh  thirty-foot 

1980 

850 

140 

Woodcock  sandstone 

Snee,  Blue  Monday,  Boulder,  Hickory 

2045 

925 

Saegertown  shale 

Gordon  stray,  Third  stray,  Campbell 

2080 

Run  sand,  Second  sand  Venango 

280 

CO 

County 

2150 

1040 

a 

Miller  or 

P 

Salamanca  sandstone 

Gordon,  Third  sand  of  Venango 

2200 

1100 

380 

County 

Amity  shale 

Fourth  sand 

CS 

Le  Boeuf  or 

a 

Panama  sandstone 

Fifth,  McDonald  sand 

2270 

1200 

460 

2 

>■ 

Chadakoin  shale  & 

Sixth,  Bayard  sand 

2350 

1300 

580 

Q 

flaggy  sandstone 

Elizabeth  sand 

2475 

1430 

730 

2 

Warren  First  sand  (local) 

2710 

1580 

850 

O 

0) 

Girard  shale 

Warren  Second  sand  (local) 

2810 

1700 

930 

H 

G. 

Warren  Third  sand 

2000 

1000 

Q 

P 

to 

Cuba  sandstone  ( ?) 

Speechley  stray 

3000 

1900 

Speechley,  Glade 

3125 

2010 

1075 

£ 

Tiona,  Clarendon 

3250 

2200 

1200 

a; 

Northeast  shale,  etc. 

Balltown,  Gartland,  Cherry  Grove 

1280 

O 

sands 

14360 

2300 

Second  Balltown,  Chipmunk 
Sheffield,  Cooper  (?)  sand 

3510 

1570 

Shumla  sandstone 

First  Bradford  sand 

3620 

Westfield  shale 

Second  Bradford  sand 

3700 

Leona  sandstone 

Third  Bradford,  Deer  Lick  sand 

3800 

2700 

1715 
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to  exist  between  the  structure  of  the  rocks  above  and  below  this  horizon.  While 
no  unconformities  are  recognized  between  the  base  of  the  Pennsylvanian  and  the 
base  of  the  Devonian,  the  burden  of  proof  rests  with  those  who  do  not  advocate 
the  periodic  recurrence  of  crustal  disturoance  throughout  that  interval;  it  is  to 
be  expected  that  no  two  horizons  will  show  strict  structural  accordance.  In 
general,  lines  of  folding  that  already  were  localized  in  early  Devonian  time  may 
have  continued  to  be  the  loci  of  successive  deformations  but  with  variation. 

Axes  probably  shifted  somewhat  and  axial  trends  as  well;  axial  highs  probably 
migrated  considerably. 

In  view  of  the  factors  that  my  influence  accumulation  in  the  principal 
oil  and  gas  fields  of  the  State,  it  is  not  surprising  that  many  operators  have 
adopted  the  view  that  geology  is  useless  as  an  aid  to  finding  oil  and  gas  in 
Pennsylvania.  As  a result  it  probably  is  no  exaggeration  to  say  that  geology 
has  played  a smaller  part  in  the  development  of  Pennsylvania's  oil  and  gas  fields 
than  in  the  development  of  any  area  of  comparable  importance  in  the  world.  Do 
the  facts  justify  the  attitude  that  has  prevailed,  or  where  superficial  geology 
proves  to  be  inapplicable  should  the  answer  be  more  intensive  geology?  The 
claimed  failure  of  geology  to  help  in  Pennsylvania  may  have  been  due  to  amount 
and  kind  of  geology  applied  rather  than  to  the  failure  of  geologic  principle. 

The  Pennsylvania  fields  are  old;  the  "Pennsylvania  orude"  industry  is  an  outstand- 
ing one  and  there  is  a substantial  industrial  demand  for  natural  gas.  The  problem 
of  the  industry  today  is  to  recover  the  large  amount  of  oil  that  remains  in  the 
sands  of  the  proven  areas  and  if  possible  to  find  new  oil  and  gas  fields.  Due 
perhaps  to  the  factor  of  oil  recovery  and  the  need  for  new  gas  fields  the  use  of 
geologists  and  petroleum  engineers  in  Pennsylvania  is  increasing. 


PROBABLE  RELATION  OF  GAS  IN  THE  ORISKANY  SAND 
TO  STRUCTURE  IN  NORTHERN  PENNSYLVANIA 


The  apparent  absence  of  accord  betweon  accumulation  and  structure  in 
the  principal  oil  and  gas  fields  and  the  factors  contributing  toward  that  apparent 
lack  of  accord  have  been  reviewed  to  permit  a contrast  being  made  between  what 
seems  to  us  to  be  two  very  dissimilar  situations.  This  paper  has  to  do  primarily 
with  the  relation  between  structure  and  the  oocurrer~e  of  gas  in  the  Oriskany  sand. 
We  do  not  believe  that  the  irregularities  of  accumulation  that  are  common  to  the 
"shallow"  sands  of  western  Pennsylvania  will  be  applicable,  to  the  same  extent  at 
least,  to  accumulation  of  gas  in  the  Oriskany.  We  believe  that  the  surface  work 
that  is  recorded  in  Fig.  2 is  of  more  value  in  exploring  the  Oriskany  than  similar 
work  would  be  in  exploring  the  "shallow"  sands. 

In  the  first  place  the  objective  is  gas,  not  oil.  Carbon  ratios  and  ex- 
perience up  to  now  do  not  suggest  the  probability  of  oil  being  found.  This  elimi- 
nates the  irregularities  that  result  from  variable  water  content  of  sands. 

Further,  the  Oriskany  sandstone  probably  will  prove  to  be  more  continuous 
than  most  of  the  "shallow"  sands.  If  so,  the  job  of  prospecting  the  Oriskany  will 
be  greatly  simplified,  for  any  gas  present  in  the  sand  will  be  free  to  accumulate 
in  structural  highs-.  To  know  the  location  of  such  highs  or  domes  is  therefore  es- 
sential. With  one  possible  exception  all  the  gas  discovered  in  the  Oriskany  up  to 
now  seems  to  be  closely  related  to  structural  highs.  The  possible  exception  is  the 
Moran  well.  Potter  County,  concerning  which  we  do  not  have  conclusive  information. 

It  should  be  emphasized,  however,  that  the  Oriskany  sand  is  not  present 
everywhere.  The  Oriskany  formation,  if  followed  along  its  outcrop  east  and  south 
of  the  plateaus  region  in  Pennsylvania,  disappears  entirely  at  some  localities 
and  elsewhere  the  sand  is  missing  and  the  formation  is  represented  by  oherty  lime- 
stone and  shale.  In  the  plateaus  region  wells  have  found  the  sand  missing  at 
several  localities.  More  detailed  mention  is  made  of  this  on  a later  page. 
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STATUS  OF  GEOLOGIC  STUDIES  IN  THE  PLATEAUS  REGION  OF  PENNSYLVANIA  . 


About  half  of  the  area  of  the  plateaus  region  has  been  studied  geologies 
ly  in  detail.  Of  the  detailed  area  (indicated  on  Fig.  1)  all  except  a few  quad- 
rangles along  the  New  York,  State  line  were  studied  primarily  with  the  object  of 
finding  out  about  coalj  in  relatively  few  quadrangles  were  oil  and  gas  given  the 
consideration  necessary  to  a detailed  discussion  of  their  occurrence.  However,  a 
a result,  of  careful  geologic  mapping  a contoured  structure  map  is  available  for 
each  quadrangle  in  the  detailed  area.  For  most  quadrangles  the  datum  selected  in 
contouring  is  a coal  that  outcrops}  for  some  quadrangles  subsurface  structure  map. 
in  which  an  oil-producing  horizon  is  datum,  also  are  available. 

Prior  to  1931  the  only  structure  studies  that  had  been  made  in  the  area 
described  in  this  paper  were  those  of  the  Second  Geological  Survey  of  Pennsylvanii 
which  functioned  during  the  period  of  1874  to  1890.  In  the  Second  Survey  reports 
structural  axes  only  were  indicated.  Upon  the  discovery  of  gas  in  the  Oriskany 
sand  in  Tioga  County  in  1930  a need  was  felt  for  more  information  on  the  anticlin* 
of  this  region  and  a total  of  about  8 months  during  the  summers  of  1931-32-33  wer« 
spent  by  the  writer  and  one  or  more  assistants  in  tracing  structures. 

The  results  are  summarized  on  Fig.  2.  Various  factors,  including  time, 
funds,  absence  of  usable  horizon  markers,  and  for  about  50  per  cent  of  the  area 
the  lack  of  topographic  base  maps,  dictated  the  use  of  the  strike  and  dip  method 
of  mapping.  The  results  should  therefore  be  considered  as  of  reconnaissance 
value  although,  where  exposure,  permitted,  a rather  detailed  reconnaissance  was 
attempted.  Larger  scale  maps  showing  the  data  from  which  Fig.  2 was  prepared 
will  be  issued  for  the  separate  counties.* 

If  Figure  2 is  compared  with  the  structure  maps  of  the  Second  Survey  very 
appreciable  differences  will  be  noted.  In  reconciling  these  differences  it  should 
be  recalled  that  when  the  Second  Survey  functioned  popular  interest  centered  in 
ooal}  the  relation  of  the  occurrence  of  petroleum  to  structure  was  but  vaguely 
formulated  and  in  consequence  anticlines  and  their  domed  areas  received  only  pass- 
ing attention.  The  coal  geologist's  interest  centered  in  the  synclines  in  this  ar 
for  here  it  was  only  in  the  synclines  that  coal  was  preserved  from  erosion.  It  is 
understandable,  therefore,  that  the  Second  Survey's  mapping  of  the  synclines  shoul 
be  adequate  but  of  the  anticlines  indifferent. 

The  structure  of  the  region  north  of  the  detailed  area  and  west  of  the 
area  covered  by  Fig.  2 is  practically  unknown  to  us.  Second  Survey  studies  in- 
dicate that  in  general  throughout  Erie  and  Crawford  counties  the  rocks  have  a dip 
to  the  south  of  17  to  25  feet  to  the  mile.  Terracing  has  been  demonstrated  but 
no  closed  structures  have  been  worked  out.  Much  of  the  area  is  so  covered  with 
glacial  debris  that  there  are  few  exposures  of  stratified  rock.  Throughout  Yfarren 
Forest,  Venango,  and  Mercer  oounties  the  gently  warped  surface  * ^ believed  to  pre- 
vail • Attempts  to  expand  the  Venango  County  fields  westward  and  northwestward 
have  failed.  The  productive  oil  sands  rise  to  outcrop,  thin,  or  die  out  in  a nort 
west  direction  and  glacial  debris  obscures  structurally  favorable  sites  for 
prospecting. 

The  first  well  was  drilled  for  oil  near  Titusville  in '1859.  It  is  an 
inconsistent  fact  that  although  eastern  Venango,  southwest  Warren  and  southeast 
Crawford  counties  include  the  oldest  productive  oil  lands  in  the  world  the  geology 
of  the  region  has  never  been  carefully  studied.  Of  Pennsylvania's  80,000  produc- 
ing oil  wells**  it  is  estimated  that  about  26,000  are  in  Venango  County,  and 
28,000  in  the  Bradford  District.*** 


*Prepared:  Bulletins  106,  Potter  County}  107,  Tioga  County}  109,  Cameron  County. 

; **Contributions  to  Oil  and  Gas  Geology  of  Western  Pennsylvania:  Bull.  M-19, 
p.  46,  1933. 

***A  detailed  study  of  Bradford  District  has  been  made  by  The  Pennsylvania  Geol. 
Survey;  report  in  preparation. 
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STRUCTURE 


General  features.  Practically  all  the  area  shown  on  Fig.  2 lies  on  the 
eastern  limb  of  the  Appalachian  geosyncline.  The  system  of  folds  is  arcuate;  in 
the  western  part  of  the  area  structures  trend  about  N.55°E,  in  the  eastern  part 
about  N.75°E.  The  regional  plunge  of  all  structures  is  southwestward.  In  general 
the  amplitude  of  folds  and  the  steepness  of  their  limbs  diminishes  with  distance 
from  the  Allegheny  Front.  With  few  exceptions  folds  are  asymmetric,  with  slightly 
steeper  south  than  north  limbs. 

Earlier  published  maps*  of  this  area  emphasized  continuity,  parallelism, 
and  simplicity  of  folds.  As  shown  on  Fig.  2 certain  of  the  folds  do  illustrate 
these  features  to  a marked  degree,  but  in  many  instances  continuity  has  suffered 
at  the  expense  of  the  en  echelon  arrangement,  simplicity  has  given  way  to  sinu- 
osity and,  as  a result,  parallelism  is  a less  notable  feature  of  the  system. 

The  longest  of  the  folds  (within  Pennsylvania)  is  the  Bar o lay-lie Irrtyre- 
Clearfield  basin  which  extends  from  western  Susquehanna  County  to  central  Clear- 
field County,  a distance  of  150  miles.  The  Sabinsville  anticline  is  150  miles 
.long  in  Pennsylvania  and  extends  something  like  60  miles  into  New  York.  The  total 
length  (Pennsylvania  and  New  York)  of  the  Smethport  anticline  is  1751  miles,  of 
the  Harrison  anticline  160  miles,  and  of  the  Wellsboro  anticline  170  miles. 

A measure  of  amplitude  of  folding  is  afforded  by  a section  through  Tioga 
and  Lycoming  counties.  For  the  northern  half  of  Tioga  County  measurements  are 
based  upon  contours**  drawn  on  the  base  of  the  Catskill  red  beds;  for  the  rest  of 
the  section  the  amplitude  is  calculated  from  dip  measurements.  Maximum  values 
are  approximately  as  follows; 
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All  the  folds  appear  to  belong  to  one  system.  An  early  report  indicated 
the  axis  of  a cross  fold  trending  northwest  through  Cameron  and  McKean  counties 
which,  in  effect,  was  a line  connecting  saddles  and  domes  on  successive  anticlines 
and  synclines.  If  this  practice  is  followed  a nunfcer  of  cross  axes  oan  be  drawn 
and  no  doubt,  as  detailed  information  accumulates,  the  number  of  such  axes  made 
possible  would  increase.  They  would  not,  however,  be  comparable  to  the  axes  of  the 
main  system;  they  would  be  short  and  inconstant  in  orientation.  Cross  folds  in 
this  sense  do  not  necessarily  mean  that  a system  of  folds  having  a northwest  trend 
has  been  superimposed  upon  a system  of  folds  having  a northeast  trend,  — that  two 
sets  of  forces  that  acted  in  opposed  directions  and  at  different  times  are  involv- 
ed. A certain  amount  of  radial,  cross-fold  alignment  should  be  expected  to  occur 
in  any  large  arcuate  system  of  folds.  They  perhaps  represent  no  more  than  adjust- 
ment along  radial  lines. 


♦See  publications  of  th3  Pennsylvania  Seoond  Geol.  Survey,  also  Oil  and  Gas 
Fields  Map  of  Western  Pennsylvania,  Pennsylvania  Geol.  Survey,  1932. 

**U.S.G. S.  Folios  Nos.  92  and  93, 
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Faulting 
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Faulting  has  long  been  recognized  as  an  important  element  of  structure  4 
the  highly  folded  Appalachian  valley  province  just  east  of  the  Allegheny  Front  bv 
in  general  the  strongly  contrasted  gentle  folds  of  the  Appalachian  plateaus  have 
not  been  thought  of  as  being  faulted  structures.  More  careful  examination  of  the 
anticlines  of  northern  Pennsylvania  and  recent  deeper  drilling  in  Potter  and  Tiog 
counties  has  shown  very  conclusively  that*  in  that  region  at  least,  faulting  not 
only  is  of  more  general  occurrence  than  supposed  but  that  where  present  its  ef- 
fect upon  accumulation  of  gas  in  the  Oriskany  sand  is  of  vital  economic  importanc, 

The  presence  of  faulting  often  is  difficult  to  detect  at  the  surface. 

This  is  especially  true  of  structurally  high  areas,  which  to  the  oil' and  gas  geo- 
logist are  the  critical  areas,  due  to  the  fact  that  in  this  region  structural  hig ; 
commonly  are  underlain  by  a sedimentary  series  that  includes  no  good  horizon 
markers  but  that  lithologically  shows  a monotonous  sameness. 

■■Where  faulting  has  been  detected  at  the  surface  and  the  details  of  the 
effect  at  the  critical  horizon  has  later  been  shown  by  drilling,  the  surface  ef- 
feot  has  proved  to  be  a mild  reflection  of  actual  subsurface  conditions.  Surface 
evidence  may  consist  of  nothing  more  than  a discordance  of  dip  that  is  observable 
at  a few  scattered  localities  and  yet  may  prove  to  be  the  reflection  of  a very 
appreciable  subsurface  displacement.  Two  excellent  illustrations  of  this  point 
are  afforded  by  Hebron  Field,  Potter  Countyjf  and  Tioga  Field,  Tioga  County**. 

These  meager  surface  data  often  may  not  afford  a helpful  interpretation 
of  the  faulting  but  their  recognition  may  aid  materially  in  successfully  direct- 
ing exploration.  Where  faulting  is  recognized  geophysical  investigation  should 
precede  development  work. 

On  another  page  we  suggest  that  in  this  region  any  surface  "indication" 
has  added  value  because  it  probably  reflects  a condition  that  is  amplified  at  the 
critical  subsurface  horizon.  This  we  believe  is  especially  true  of  fault  indica- 
tion for  we  suspect  that  faulting  here  is  very  likely  to  result  from  vertical 
rather  than  from  tangential  force.  That  is,  that  in  the  plateau  region  the  thrus' 
that  resulted  in  crustal  shortening  was  transmitted  by  the  deeply  buried  Cambro- 
Ordovician  and  older  rock  (there  seem  to  be  no  younger  strata  capable  of  perform- 
ing that  function)  and  at  the  horizon  of  the  present  surface  the  vertical  rather 
than  the  tangential  element  of  that  force  was  the  effective  one**. 

Localities  at  which  faulting  was  observed.  Surface  evidence  of  faulting 
was  observed  at  9 of  the  35  domes  that  were  recognized  in  this  area. 

At  the  Farmington  dome  in  Tioga  County  discordant  dips  were  observed  on  tl 
south  flank  of  the  fold  at  two  localities,  about  1^  miles  apart,  and  interpreted 
as  indicative  of  faulting.  The  data  were  too  meager  to  serve  as  more  than  a sug- 
gestion. Later  drilling  disclosed  the  presence  of  two  fault  surfaces  inclosing  a 
fault  block  that  is  tilted  north  and  shows  a maximum  displacement  of  about  500 
feet.  In  proving  this  about  a dozen  dry  holes  were  drilled  in  what  had  seemed  to 
be  favorable  structural  position.  The  modest  surface,  indications  had  economical- 
ly important  subsurface  significance. 

At  Hebron  dome.  Potter  County,  steep  dips  were  observed  south  of  the  axis  I 
at  several  localities  and  in  view  of  Tioga  Field  experience  were  interpreted  as 
denoting  faulting.  Subsequent  drilling  has  verified  that  point.  Faulting  has  bee 
demonstrated  at  Hebron  dome  and  in  Allegheny  Township,  5 miles  northeast,  but  the 
full  significance  of  it  probably  has  not  yet  been  shown.  Fault  displacement  of 
275  feet  has  been  recorded  at  Hebron  dome  and  of  500  feet  in  Allegheny  Township. 

Hebron  and  Farmington-Lawrence  domes  are  the  only  ones  on  which  the  pre- 
sence of  faulting  has  been  verified  by  drilling. 

In  Chatham  Township,  Tioga  County,  there  is  definite  evidence  of  faulting 


* Bull.  106 


**Bull.  107 
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j south  of  the  Sabinsville  axis.  West  of  this  locality  is  the  Sabinsville  dome 
and  although  the  fault  was  not  traced  that  far  it  seems  probable  that  the  sou-tii 
flank  of  Sabinsville  dome  will  be  found  to  be  faulted.  The  first  observed  due 
■'to  faulting  at  this  locality  was  an  outcrop  of  massive,  jointed  limestone. 

Bedding  was  not  discernible  but  the  limestone  contains  large  bivalve  fossils 
that  "stand  on  edge"  and  thus  suggest  that  the  attitude  of  the  bed  is  vertical. 

1 Further  search  revealed  discordant  dips  at  two  other  localities  within  a dis- 
<tance  of  a mile  and  the  three  localities  are  in  alignment.  Here  as  at  Hebron 
and  Farmington  domes  the  surface  evidence  is  meager  but  suggestive. 

At  Gardeau  in  the  extreme  southeast  corner  of  McKean  County  a fault 
surface  is  exposed  in  a railroad  cut.  This  fault  was  pictured  by  the  Second 
Pennsylvania  Geological  Survey  in  their  McKean  County  report*.  The  break  is  on 
the  south  flank  of  the  Shippen-Norwich  dome  about  2 miles  south  of  the  axis  of 
'Harrison  anticline.  Although  faulting  was  not  identified  at  any  other  point  it 
may  prove  to  be  an  important  structural  element  of  this  dome  which  is  a pronounc- 
ed high  and  on  which  two  wells  are  now  being  drilled. 

Evidence  of  faulting  was  observed  on  the  southeast  flank  of  Delmar  dome, 
Tioga  County,  about  lg-  miles  from  the  axis  of  Wellsboro  anticline,  in  a small 
creek  tributary  to  Morris  Branch  from  the  north  approximately  at  the  east  line  of 
Delmar  Township.  The  south  flank  of  this  dome  shows  dips  of  up  to  15°  and  seis- 
mograph** observations  verify  the  suggestion  that  the  steep  flank  may  be  faulted. 

The  south  flank  of  Wellsboro  anticline  is  also  faulted  at  Ridgebury 
dome,  Ridgebury  Township,  Bradford  County.  On  Three  Falls  Run  just  south  of 
Ridgebury  the  fault  surface  is  visible  and  farther  east  the  presence  of  faulting 
is  marked  by  steep  dipping  beds  that  crop  in  road  gutters. 

It  has  been  reported  that  there  also  is  evidence  of  faulting  in  Little 
Meadows  borough  just  south  of  the  New  York  line.  Wellsboro  anticline  is  north 
of  this  locality  and  was  not  traced  into  New  York. 

The  Towanda  anticline  appears  to  be  the  most  profoundly  faulted  struc- 
ture in  the  region.  Rocks  on  the  south  flank  dip  45°  to  90°  at  Union  Township 
dome,  Tioga  County,  and  at  Towanda  dome  in  Bradford  County.  Southeast  of  Wysox, 
Standing  Stone  Township,  Bradford  County,  a fault  surface  is  visible  in  a road 
cut,  and  in  southeastern  Standing  Stone  Township,  and  in  central  Stevens  Town- 
ship, cut  banks  of  creeks  give  definite  evidence  of  faulting.  Faulting  may  be 
responsible  for  the  offset  in  the  Towanda-Rush  anticlinal  axes  in  Herrick  Town- 
ship. 


Importance  of  the  fault  consideration  in  locating 
wells  to  test  the  Oriskany  sand 


Experience  at  Hebron  and  Tioga  fields  suggests  that  in  allowing  for  even 
the  most  meager  of  surface  indications  of  faulting,  from  one  hundred  to  several 
hundred  feet  of  displacement  can  be  expected  at  the  Oriskany  horizon.  Effective 
closure  in  these,  the  only  two  proven  fields  in  the  Oriskany  sand,  ranges  from 
100  to  300  feet.  Dry  holes  cost  between  $17,000  and  $20,000. 

In  both  Hebron  and  Tioga  fields  production  has  been  obtained  south  of  a 
fault  but  drilling  on  the  faulted  flank  has  been  proven  to  be  very  uncertain. 

Faulting  is  not  necessarily  of  the  single-plane  thrust  variety;  at 
Tioga  Field  block  faulting  is  recognized. 

In  addition  to  the  effect  that  it  has  upon  closure,  fault  movement  may 
also  affect  the  capability  of  the  Oriskany  sand  to  serve  as  a gas  reservoir. 

The  shattered  sand  near  a fault  may  be  recemented  by  secondary  silica  (page  20. 

*Second  Pennsylvania  Geol.  Survey,  vol.  R.,  p.  34. 

**Pennsyl vania  Geol.  Survey.,  Bull.  107,  Fig.  4,  February  1934. 
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It  would  seem  then  that  while  exploratory  wells  should  be  located  in 
structurally  high  position,  they  should  be  placed  far  enough  north  of  a probable  1 
fault  to  avoid  a possible  recemented  effect.  We  feel  that  several  of  the  dry 
exploratory  wells  drilled  in  Tioga  and  Bradford  counties  may  be  dry  because  they 
met  the  sand  too  near  the  fault. 


Surface  indications  of  structure 


In  a general  way  the  structural  highs  are  reflected  at  the  surface  both 
strat i graphi ca 1 ly  and  physio graphically.  The  degree  to  which  their  presence  is 
thus  recorded  is  of  course  extremely  variable  and  dependent  largely  upon  what 
part  of  the  rock  section  is  involved  at  the  surface.  At  best  these ‘indications 
are  of  rapid  reconnaissance  value  only  and  their  absence  need  not  eliminate  highs 
of  moderate  intensity.  The  best  examples  of  surface  expression  of  doming  are  af- 
forded by  the  Cogan  House,  Rose  Valley,  and  Uordmont  domes  which  are  described  on 
a later  page. 

Another  criterion  of  general  value  is  apparent  on  a glance  at  Fig.  2; 
many  of  the  domes  are  near  a sharp  bend  in  an  anticlinal  axis.  Domes  so  located 
commonly  are  well-defined  structures  which,  in  this  region,  means  that  they  show 
definite  northeast  closure.  Our  interpretation  is  merely  that  where  an  axis 
swings  sharply  it  is  good  policy  to  look  carefully  for  evidence  of  doming  in  that 
vicinity. 

Pronounced  structural  height  is  likely  to  have  been  accomplished  in  part 
by  faulting.  The  south  flanks  of  strong,  well-defined  domes  should  be  examined 
oarefully  for  discordant  dipsthat  if  present,  as  previously  explained,  probably 
indicate  a fault.  Faulting  was  recognized  on  25  per  cent  of  the  domes  mapped  and 
when  the  limited  opportunity  for  recognizing  faults  on  a reconnaissance  survey  in 
this  region  is  considered  it  seems  probable  that  faulting  is  much  more  common  tha;1 
our  mapping  suggests. 

At  many  localities  the  quantity  and  quality  of  strike  and  dip  data  avail, 
able  may  make  the  recognition  of  slight  northeast  closure  inconclusive.  Likewise 
the  absence  of  adequate  surface  expression  may  make  the  recognition  of  faulting 
open  to  question.  However,  comparison  of  our  reconnaissance  results  at  a number 
of  localities  with  results  obtained  by  more  detailed  surface  geology  and  with  sub- 
surface results  would  seem  to  suggest  that  any  geolo/ic  feature  that  is  detectabli 
at  the  surface  by  the  method  we  used  is  of  decided  subsurface  value.  That  is,  the 
favorability  of  our  results  is  more  likely  to  be  amplified  than  discounted  at  the 
Oriskany  horizon. 


Appraisal  of  surface  data 


The  data  upon  which  Fig.  2 is  based  vary  in  quantity  and  in  quality 
from  place  to  place  and  in  the  regularity  of  their  distribution.  The  county 
maps  being  issued,  of  which  Fig.  2 is  a summary,  show  strike  and  dip  data  and  are 
designed  to  indicate  the  weight  that  should  be  given  our  conclusions  concerning 
any  locality.  The  matter  of  quantity  and  distribution  is  of  course  apparent  at 
a glance  and  to  provide  some  means  of  conveying  the  idea  of  quality  we  have 
classified  our  strikes  and  dips  as  1st,  2d,  3d,  and  4th  class,  designating  each 
class  by  an  appropriate  symbol.  In  classifying  an  observation  we  considered  (1) 
the  number  of  outcrops  in  the  vicinity  that  were  available  to  substantiate  the 
observation,  (2)  size  of  exposure,  (3)  favorability  of  exposure  to  accurate  read- 
ing, (4)  bedding  - whether  regular  or  not,  and  (5)  the  type  of  sedimentation 
represented.  A large  outcrop  of  well-bedded  marine  strata  so  exposed  as  to  per- 
mit ready  determination  of  the  direction  of  maximum  dip  and  the  average  amount 
of  dip  represented  by  a number  of  beds  throughout  an  appreciable  dip  length  was 
called  1st  class;  a small  isolated  crop  of  cross-bedded  continental  sediments 
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id  4th  class,  and  so  on.  While  the  personal  element  enters  into  classifying 
le  data,  most  of  the  classification  was  appraised  by  one  person  and  should 
lerefore  be  fairly  relative  throughout  the  area. 


Description  of  anticlines* 


The  anticlines  of  Fig.  2**,  nanjed  from  northwest  to  southeast,  are  listed 
i'llow.  Domes  that  have  been  recognized  are  indicated  for  each  anticline  and  are 
uned  from  west  to  east. 


Anticline  Dome 


Anticline 


Dome 


Anticline 


Dome 


Bthport 


bron 


mson 


(Spring  Creek 
(Hamlin 
(Smethport 
(Shinglehouse 

(Ridgway 
(Hebron 

(Shippen- 
( Norwich 
(Sweden  Valley 
(Ulysses 
(North  Fork 

(Falls  Creek 
(Emporium 

(Summit 
.bmsville  (Sabinsville 

(Farmington- 
( Lawrence 

Conrad  (Cross 
Fork  Junction) 


Marshlands 


(Wharton 
(East  Fork 
(Germania 


Rattlesnake 


We  11  shore 


Che  stnut 
Ridge 

Rome 

Slate  Run 


(Driftwood 

(Leidy 

(Letonia 

(Delmar 

(Charleston 

(Richmond 

(Ridgebury 

(Gibson- 

(Grove 

(Orwell 

(Friendsville 

Slate  Run 


(Union 

Towanda-  (Towanda 

Rush  (Rush 

Laurel  Hill  Hyner 
(Hyner) 

Cogan  House  Cogan  House 


Wilmot 

Ferney 
Rose  Valley 
Muncy  Creek 
Tombs  Run 

Woolrich- 

Second 

First 

White  Deer 


(Forks 

(Wilmot 

Ferney 
Rose  Valley 
Hordmont 


Smethport  anticline.  The  Smethport  anticline  appears  to  begin  just  south 
' Clarion  River.  Its  length  in  Pennsylvania  is  72  miles  and  it  continues  for  loo! 
les  in  New  York  State.  In  Pennsylvania  the  fol'd  is  broad  and  flat  and  throughout 
'St  of  its  length  readily  usable  surface  exposures  are  few  and  poor.  As  a result 
r reconnaissance  data  serve  only  to  show  the  fold  in  a very  general  way.  South- 
.st  of  the  Smethport  steepness  and  amplitude  of  folding  increase  with  nearness  to 
e Allegheny  Front;  northwest  of  the  Smethport  the  structure  is  essentially  that 

the  warped  surface.  The  Smethport  seemed  to  the  writer  to  represent  the  limit  of 

efulness  in  the  application  of  the  strike  and  dip  method  of  mapping;  structure 

pping  in  the  area  west  of  the  Smethport  must  be  done  by  more  refined  practice. 


. regional  interpretation  of  the  areal  geology  is  given  by  the  new  State  Geologic 
Map  published  in  1932.  This  can  be  secured  from  Division  of  Documents,  Depart- 
ment of  Property  and  Supplies,  Harrisburg,  for  $1.50.  (Stamps  not  accepted.) 
tructure  of  the  Bradford  quadrangle  is  taken  from  a contoured  map  prepared  by  C. 
R.  Fettke  for  the  Pennsylvania  Geol,  Survey.  Report  in  preparation. 
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As  it  adjoins  the  area  in  which  the  warped  surface  prevails,  this  fold  undoubtei 
ly  partakes  of  the  characteristics  of  that  type  of  folding.  If  contoured  it  no 
doubt  would  show  echelon  axes  where  we  picture  a single  axis,  and  terraces  and 
structural  noses  where  our  data  permit  us  to  show  only  simple  limbs. 

Evidence  of  four  probable  areas  of  doming  was  observed?  in  Spring  Creel 
Township,  Elk  County,  in  Hamlin  Township  and  east  of  Smethport,  McKean  County, 
and  east  of  Shinglehouse,  northwest  Potter  County.  In  each  instance  southwest 
closure  is  assured  by  the  regional  plunge  of  the  axis  and  northeast  closure  is 
suggested  rather  than  demonstrated.  Amount  of  northeast  closure  on  the  Hamlin 
and  Shinglehouse  domes  may  be  small,  possibly  amounting  to  little  more  than  ter- 
racing. 

Gas  and  some  oil  have  been  produced  from  "shallow”  sands  throughout  mos, 
of  the  length  of  the  Smethport  anticline  in  Pennsylvania  and  three  wells  have 
been  drilled  on  it  to  the  Oriskany  sand.  One  well  in  Highland  Township,  Elk 
County,  and  one  on  the  Hamlin  dome,  McKean  County,  found  the  Oriskany  sand  to  be* 
absent  at  those  localities.  The  third  well,  in  Oswayo  Township,  Potter  County,  I 
found  gas  in  the  Oriskany.  This  well  had  an  initial  voIuhb  of  S million  cubic 
feet  at  1950  pounds  rock  pressure,  but  flowed  much  salt  water  with  the  gas. 

Hebron  anticline.  The  Hebron  anticline  can  be  traced  from  northeast 
Jefferson  County  to  northern  Potter  County,  a distance  of  about  90  miles.  Its 
position  in  Elk  and  McKean  counties  is  fixed  at  frequent  intervals  by  fair  data, 
and  in  Potter  County  it  can  be  defined  with  some  accuracy.  Throughout  Elk  and 
McKean  counties,  however,  data  are  too  unequally  distributed  to  permit  more  than 
a rough  generalization  of  the  structures  behavior;  like  the  Smethport  anticline 
it  no  doubt  reflects  to  a considerable  extent  the  tendencies  of  the  warped  surfai 

Two  areas  of  doming  are  recognized,  the  one  in  Horton  and  Ridgway  town- 
ships, Elk  County,  the  other  in  Hebron  Township,  Potter  County.  The  Ridgway  dom< 
is  quite  well  defined,  our  data  suggesting  that  the  high  is  in  south  Ridgway 
Township.  The  high  of  Hebron*  dome  extends  practically  from  the  east  to  the  wesi 
line  of  the  township.  The  south  limb  of  this  dome  is  faulted.  Just  east  of 
Hebron  dome  the  axis  again  plunges  south  and  within  a few  miles  is  lost.  It  is 
probable  that  a dome  is  present  in  Allegany  and  Genesee  townships  but  our  data 
are  too  meager  to  define  it. 

Gas  fields  in  the  "shallow"  sands  occur  throughout  much  of  the  length 
of  the  Hebron  anticline  and  on  Hebron  dome  a field  has  been  developed  in  the 
Oriskany  sand. 

Harrison  anticline.  The  Harrison  anticline  begins  in  eastern  Elk 
County,  follows  a sinuous  course  for  about  65  miles,  and  leaves  the  State  in 
northeast  Potter  County.  It  continues  for  perhaps  100  miles  in  New  York  State. 
The  characteristics  of  this  fold  are  well  shown  by  strike  and  dip  data  throughout 
the  south  half  of  its  length;  north  of  central  Potter  County  data  are  few  or  are 
of  poor  quality.  North  flank  dip  of  3°  and  4°  are  usual  and  locally  5°  and  6° 
dips  are  observed;  south  flank  dips  of  5°  and  6°  are  usual  and  locally  dips  of 
7°  and  9°  are  observed. 

Well  defined  domes  are  developed  at  the  Cameron  and  McKean  County  line 
and  in  central  Potter  County.  A third  dome  is  recorded  in  Ulysses  Township, 
Potter  County,  although  our  evidence  suggests  that  north  closure  here  is  slight 
and  that  the  structure  may  not  amount  to  more  than  terracing.  A fourth  dome  is 
suggested  in  Harrison  Township  by  an  abundance  of  data  of  poor  quality.  All 
these  domes  illustrate  the  occurrence  of  structural  highs  in  the  vicinity  of 
sharp  swings  in  the  trend  of  the  anticlinal  axis.  The  Shippen-Horwich  dome  is 
definitely  faulted  south  of  the  axis,  the  fault  surface  being  visible  in  a rail- 
road out  at  Gardeau. 

The  Harrison  anticline  is  east  of  the  main  "shallow"  oil  and  gas  field 
belt,  and  three  wells  that  have  been  drilled  on  it  to  the  Oriskany  have  failed. 

*Bull.  106. 
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58  '9i  well  in  north  Brookfield  Township,  Tioga  County,  found  Oriskany  sand  but  is 
* f structure,  another  on  the  Ulysses  Township  dome  found  sand  but  is  dry,  the 
' ird,  located  on  the  Sweden  Valley  dome,  found  the  Oriskany  sand  missing.  Two 
11s  are  drilling  at  about  4,800  feet  on  the  Shippen-Norwich  dome,  one  in 
ysses  and  one  in  Harrison  townships. 
i 

Sabi ns vi lie  anticline.  The  Sabinsville  anticline  was  traced  from  central 
fferson  County  to  the  northeast  corner  of  Tioga  County,  a distance  of  about  130 
les.  It  continues  in  New  York  State  for  60  miles  or  more  and  is  known  to  extend 
uthward  into  northeast  Armstrong  County.  Prom  eastern  Elk  County  to  New  York 
ate  the  characteristics  of  this  fold  are  well  defined  by  the  strike  and  dip  data 
ailablej  farther  south  data  are  few  and  barely  serve  to  identify  the  structure. 
Tioga  and  eastern  Potter  oounties  the  fold  is  exceptionally  high;  a low  saddle 
developed  in  central  Potter  County,  but  in  Cameron  County  the  axis  rises  again 
moderate  height. 

Five  domes  are  recognized,  the 'Falls  Creek,  Emporium,  Summit,  Sabinsville, 
d the  Farmington-Lawrence  domes.  Of  these  the  last  named  is  by  far  the  most 
ominent,  being  in  fact  the  most  pronounced  high  observed  in  this  region.  The 
uth  limb  is  faulted.  Tioga*  gas  field  is  on  this  structure. 

Sabinsville  dome  is  located  just  west  of  Farmington-Lawrence  dome  and  its 
luth  flank  may  also  be  faulted.  One  well  drilled  on  this  structure  is  dry  in  the 
(iskany  and  a second  well  has  been  started.  The  Emporium  dome  affords  good 
<osure  and  stratigraphic  advantage  but  has  not  been  drilled.  The  Summit  Township 
(me  is  quite  definite,  but  it  is  not  large,  for  within  2 miles  along  the  axis 
irikes  and  dips  indicate  rapid  plunge  to  northeast  and  southwest,  while  south 
lank  dips  of  4°  to  5°  are  observed  a quarter  mile  south  of  the  axis  and  on  the 
irth  it  is  but  2 miles  or  less  to  the  axis  of  the  Cowanesque  syncline.  Some  in- 
ccation  of  closure  was  observed  northeast  of  Falls  Creek  but  our  data  are  not 
inclusive. 

Marshlands  anticline.  This  fold  extends  from  eastern  Elk  to  western 
Itter  County,  a distance  of  50  miles.  It  is  a well-defined  fold  on  which  domes 
le  developed  in  Wharton  Township,  East  Fork  District,  and  at  Germania,  Potter 
(urrty.  For  a distance  east  of  Sterling  Run,  Cameron  County,  in  a mountainous 
i strict  we  have  no  data  and  it  is  possible  that  closure  may  also  occur  here. 

A small  gas  field  in  a "shallow"  sand  was  developed  at  Germania  and  two 
1 11s  on  the  East  Fork  dome  have  found  gas  in  the  Oriskany.  The  Wharton  dome  is 
all  and  has  not  been  tested. 

About  2 miles  north  of  the  axis  in  East  Fork  District  there  is  evidence 
■ a small  anticline  at  Conrad.  Reversal  was  observed  near  Abbott  Township  line 
id  terracing  at  Conrad  (Hull).  The  structure  may  be  a small  dome  or  perhaps 
\ly  a nose  on  the  flank  of  the  Marshlands  anticline.  A similar  structure,  the 
ittlesnake  anticline,  is  seen  on  the  south  flank  of  the  fold  in  Cameron  County, 
here  is  a decided  reversal  on  Sinnemahoning  Creek  about  a mile  north  of  the 
i:is  of  Kettle  Creek  syncline,  but  the  mountainous  area  to  the  east  does  not  af- 
.rd  data  to  define  the  structure.  It  does  not  extend  through  to  First  Fork  of 
i .nnemahoning  and  it  is  not  known  whether  a small  closed  structure  or  a nose  from 
ie  Marshlands  anticline  is  represented. 

We 11s boro  anticline.  This  anticline  was  traced  from  northern  Clearfield 
iunty  to  New  York  State,  a distance  of  140  miles,  and  extends  perhaps  30  miles 
ito  New  York.  It  is  in  effect  the  en  echelon  equivalent  of  the  Chestnut  Ridge 
it i cline,  which  in  Fayette  County  is  en  echelon  with  the  Chestnut  Ridge  of  We st 
.rginia.  These  structures  together  make  up  one  of  the  greatest  lines  of  defor- 
iition  in  the  Appalachian  Region.  It  is  everywhere  a well-defined  fold  and,  ex- 
spt  for  short  distances  in  southeast  Elk,  southeast  Potter,  and  eastern  Tioga 
Dunties,  can  be  mapped  quite  satisfactorily  in  a reconnaissance  way. 

Domes  are  developed  at  Driftwood,  Cameron  County,  Leidy  Township,  Clinton 
bunty,  Elk,  Delmar,  Charleston,  and  Richmond  townships,  Tioga  County  and  Ridge- 
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bury  Township,  Bradford  County. 

At  Driftwood  dome  the  Wellsboro  and  Chestnut  Ridge  axes  are  but  3 
miles  apart.  They  are  separated  by  a shallow  syneline  that  is  a local  feature  j 
common  to  the  overlap  of  the  axes.  For  the  Wellsboro  axis  there  is  fair  evi- 
dence of  closure  on  the  north  and  for  the  Chestnut  Ridge  axis  very  definite 
evidence  of  both  north  and  south  closure.  Detailed  work  probably  would  show  a , 
rather  complicated  structure  here.  Neither  of  these  domes  has  been  drilled.  || 

A "shallow"  gas  field,  now  practically  abandoned,  was  developed  on  the 
north  flank  of  Leidy  dome  about  1922.  The  dome  appears  to  center  in  Leidy  Town 
ship,  to  have  good  closure  both  east  and  west  and  to  offer  a large  drilling  arei 
The  Oriskany  has  not  been  tested  at  this  locality. 

. 

At  Letonia  dome.  Elk  Township,  Tioga  County,  there  is  very  fair  evident1 
of  north  closure.  South  closure  is  less  well  demonstrated  by  our  data  but  as 
regional  plunge  is  south  the  data  are  acceptable.  A well  drilled  to  the  Orisk&i 
on  this  dome  in  1931  is  dry. 

Delmar  done*  is  located  at  a sharp  bend  in  the  axis.  The  south  flank  cj 
the  dome  shows  dips  up  to  15°  and  on  this  flank  just  south  of  Wellsboro  there  is! 
surface  evidence  of  faulting  that  probably  is  an  important  feature  of  this  strut! 
ture.  A well  drilled  to  the  Oriskany  here  got  a show  of  gas  but  probably  was  nc 
well  looated  oh  the  dome. 

A surface  contour  map**  of  the  Charleston-Richmond  Township  area  shows 
broad,  regular  dome  on  which  are  two  secondary  closures.  Subsurface*  work  has  i 
shown  that  at  the  Oriskany  horizon  this  is  a double-crested  structure.  Chariest 
dome  as  indicated  here  is  located  on  the  north  subsurface  axis.  It  is  a regular 
feature  with  good  closure  structurally  higher  than  Delmar  dome  but  with  a very 
steep  south  limb  that  probably  is  faulted.  A well  drilled  in  what  seems  to  be 
good  structural  position  on  this  dome  is  dry  in  the  Oriskany  sand. 

The  Richmond  dome  seems  to  have  definite  closure  although  we  are  not  in 
formed  about  the  subsurface.  A well  drilled  to  the  Oriskany  here  is  dry. 

Two  wells  located  south  of  the  surface  axis  between  the  Delmar  and 
Richmond  domes  were  dry  in  the  Oriskany. 

In  eastern  Tioga  County  the  Wellsboro  axis  again  swings  sharply  north. 
Surface  data  at  this  locality  are  poor  but  careful  search  did  not  reveal  to  us 
any  closure  in  Rutland  or  Wells  townships.  Two  wells  to  the  Oriskany  here  are  i 
dry. 

In  Ridgebury  Township,  Bradford  County,  there  is  definite  evidence  of  a 
dome,  the  south  flank  of  which  is  visibly  faulted.  Dips  of  1°  to  2°  for  a dis- 
tance of  one  or  two  miles  north  of  the  axis  suggest  a considerable  drilling  area 
on  this  structure  which  has  not  been  drilled.  No  evidence  of  closure  was  observ- 
ed east  of  Ridgebury  Township  but  indications  of  faulting  have  been  reported  in 
Little  Meadows  borough,  northwest  Susquehanna  County. 

Chestnut  Ridge  (Driftwood)  anticline.  Throughout  the  north  half  of 
Clearfield  County  our  data  definitely  fix  tEe  axis  of  this  anticline  at  only 
a few  widely  separated  localities.  The  structure  here  is  a broad-crested  gentle 
fold  the  axial  area  of  which  is  covered  by  massive  Pottsville  sandstone  which 
yields  very  few  usable  strike  and  dip  data.  The  only  dome  recognized  is  the 
Gib son-Grove  Township  dome  in  Cameron  County  ■which  has  been  referred  to  above 
in  connection  with  the  Driftwood  dome. 

Rome  anticline.  South  of  the  Wellsboro  anticline  through  Tioga  and 
Bradford  counties  is  the  Blossburg  syneline.  In  southwest  Tioga  County  this  basi 
is  7 miles  wide,  in  eastern  Tioga  County  14  miles,  and  in  central  Bradford  Countj 

* See  subsurface  map  of  Delmar  and  Charleston  domes,  Pennsylvania  Gaol.  Survey, 
Bull*  107,  February  1934* 

**U.S.G.S.  Folio  No.  193. 
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miles.  Here,  at  its  greatest  width  the  basin  forks  to  include  the  Rome  anil- 
ine which  begins  near  Susquehanna  River  and  extends  for  40  miles  into  central 
squehanna  County. 

There  are  two  domes  on  the  Rome  anticline,  one  in  Orwell  Township,  Brad- 
rd  County,  the  other  in  the  vicinity  of  Friendsville,  Susquehanna  County.  A 
11  to  test  the  Oriskany  under  Orwell  dome  was  started  in  1931  but  was  abandoned 
fore  the  sand  was  reached.  A well  drilled  in  Ulster  Township  is  dry  in  the 
s -iskany  but  the  well  is  off  structure.  Another  in  Apolacon  Township,  Susquehanna 
!-'Unty,  was  abandoned  above  the  sand. 

*J 

Slate  Run  anticline.  This  structure  extends  from  central  Clinton  County 
• southern  Tioga  County,  a distance  of  36  miles.  It  is  in  effect  the  en  echelon 
,ti(uivalent  of  Towanda  anticline  and  occupies  the  same  relative  position  in  the 
rstem  of  folds  as  Chestnut  Ridge  anticline.  The  relation  shown  here  between 
tjiestnut  Ridge,  Slate  Run,  and  Towanda  anticlines  is  determined  by  abundant 
gcellent  data. 


Th6  high  point  of  the  axis  of  this  fold  falls  in  eastern  Brown  Township, 
^coming  County.  The  drilling  area  of  the  dome  probably  would  not  be  large.  The 
iskany  has  not  been  tested  here. 

Towanda-Rush  anticline.  The  Towanda  anticline  proper  extends  from  north- 
•n  Lycoming  County  to  east  of  Susquehanna  River,  Bradford  County,  a distance  of 
»out  48  miles,  where,  according  to  the  interpretation  offered  here,  it  is  en 
jhelon  with  the  Rush  anticline  which  extends  about  15  miles  into  Susquehanna  County. 

The  south  limb  of  the  Towanda  anticline  shows  the  steepest  dips  observed 
|sxcept  locally)  in  the  plateau  region.  The  steep  south  limb  is  definitely  fault- 
1,  indications  of  faulting  being  observed  in  southeast  Tioga  County,  between 
sRoy  and  Monroe  borough, on  Susquehanna  River  southeast  of  Wysox,  and  in  eastern 
banding  Stone  Township,  and  north  of  Stevensville,  Bradford  County.  At  the  three 
ist  named  localities  faulting  is  visible,  elsewhere  90°  and  steep  reverse  dips 
adicate  the  probable  break.  In  general  dips  of  15°  or  more  occur  within  a mile 
auth  of  the  axis  and  increase  rapidly  to  45°  or  more;  a mile  north  of  the  axis 
ae  dip  is  about  5°  or  6°.  On  the  highway  southeast  of  Wysox  the  fault  is  well 
sposed  in  a cliff  above  the  river0  Here  the  fault  seems  to  lie  just  south  of 
he  axis,  and  as  judged  by  the  presence  of  faults  observed  on  Rummerf ield  Creek, 
tanding  Stone  Township,  and  Rockwell  Creek,  Stevens  Township,  faulting  probably 
as  determined  the  relation  that  we  show  as  existing  between  Towanda  and  Rush 
nticlines  . 


Domes  occur  along  these  axes  in  Union  Township,  Tioga  County,  southwest 
f Towanda,  Bradford  County,  and  in  Rush  Township,  Susquehanna  County.  Wells 
ave  been  drilled  to  the  Oriskany  sand  in  Union  and  Towanda  townships,  and  both 
re  dry.  Wells  were  started  in  Wysox  and  Stevens  townships  but  neither  reached 
lie  Oriskany. 

Laurel  Hill  (Hyner)  anticline.  The  Laurel  Hill  anticline  begins  in 
ayette  County  and  extends  to  western  Lycoming  County.  In  Fayette  County  it  is 
steep-limbed,  narrow-crested  fold  and  forms  or^e  of  the  high  ridges  that  go  to 
ake  up  the  Allegheny  Mountains.  From  central  Clearfield  County,  where  our 
apping  begins,  northeastward  the  Laurel  Hill  or  Hyner  anticline  as  it  is  known 
n Clinton  County,  is  a broad-topped,  gentle  fold,  the  position  of  whose  axis  is 
eterminable  only  in  a general  way.  In  the  mountainous  region -of  Centre  and 
linton  counties  there  are  few  usable  rock  exposures.  The  only  doming  determined 
n this  axis  is  in  the  vicinity  of  Hyner,  Clinton  County. 

Cogan  House  anticline.  In  western  Lycoming  County  where  the  Hyner 
.nticline  ends  the  Cogan  House  anticline  begins.  The  Cogan  House  is  en  echelon 
o the  Hyner  and  extends  for  about  20  miles  into  eastern  Lycoming  County.  A 
omed  area  coincides  roughly  with  the  length  of  the  axis  in  Cogan  House  Township. 

This  is  perhaps  the  most  striking  structural  unit  of  the  area.  It  is 
stable  in  that  it  illustrates  the  relation  between  plateau  structure  and  topo- 
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graphy  in  a manner  that  makes  that  relationship  easily  understood  by  anyone. 

The  high  of  the  dome  is  about  north  of  Cogan  House  and  from  a vantage  point  at  I 
this  locality  the  entire  structure  is  visible.  The  high  part  of  the  dome  is 
gently  rolling  farm  land  underlain  by  Catskill  red  shales  and  sandstones.  En- 
circling this  farm  land  is  a cliff  of  Pocono  sandstone  that  is  about  100  feet 
high  and  densely  wooded.  This  cliff  or  rim  rock  crowds  the  axis  on  the  steeper  i| 
south  limb  and  re treats  on  the  gentler  north  limb;  it  drops  on  the  horizon  to 
east  and  west  with  the  pitch  of  the  axis  of  the  fold.  The  open  valley  thus  de-  1 
veloped  in  a rugged  mountain  setting  is  about  7 miles  long  (E-W)  and  2^-  miles 
wide  (N-S).  Erosion  has  removed  the  upper  two-thirds  of  Catskill  formation  and 
in  consequence  all  of  the  Pocono  is  gone  from  the  valley  area.  The  view  of  the 
rim  rock  is  unobstructed  by  Wooded  areas  that  might  mark  the  presence  of  residua 
Pocono  "bad  lands". 

The  relation  of  valley  lands  to  anticlines  and  mountain  lands  to  syn- 
clines is  general  throughout  the  plateau  country  but  as  a rule  features  are  too 
large  to  be  viewed  and  appreciated  at  a glance  as  they  are  here. 

No  wells  have  tested  the  Oriskany  under  this  structure. 

Wilmot  anticline.  This  fold  extends  from  northeast  Lycoming  County  to 
western  Susquehanna  County  a distance  of  about  40  miles.  The  axis  trends  east 
for  20  miles  and  then  in  the  vicinity  of  Dushore,  Sullivan  County,  swings  rather 
sharply  northeast.  Throughout  its  east  trend  the  fold  is  rather  narrow-crested 
and  steep-limbed.  South  flank  dips  range  from  10°  to  25°  and  north  flank  dips 
4°  or  5°  within  a mile  of  the  axis.  Also  the  axis  is  not  strictly  continuous 
throughout  this  distance,  showing  an  offset  or  en  echelon  arrangement  in  Elkland 
Township.  Throughout  its  northeast  course  the  fold  is  broad  topped  and  both 
limbs  have  gentle  dips. 

Two  domes  were  recognized,  one  in  Forks  Township,  Sullivan  County,  the 
other  in  Wilmot  Township,  Bradford  County.  An  anticlinal  nose  runs  off  from  the 
VYilmot  dome  in  a northwest  direction  and  a terrace  was  noted  on  the  north  flank 
of  the  fold  at  Laddsburg,  Bradford  County.  An  abundance  of  good  strike  and  dip 
data  failed  to  demonstrate  closure  on  the  offset  axis  in  Elkland  and  Fox  town- 
ships, Sullivan  County.  No  wells  have  been  drilled  to  the  Oriskany  on  this  anti- 
cline. 


Ferney  anticline.  The  Ferney  anticline  appears  to  begin  just  west  of 
Susquehanna  River  in  Clinton  County  and  extends  to  just  east  of  Pine  Creek, 
Lycoming  County,  a distance  of  about  20  miles.  The  high  point  on  this  anticline 
lies  east  of  Susquehanna  River  in  a mountainous  region  that  affords  little  data 
with  which  to  locate  the  high  point  accurately. 

Rose  Valley  anticline.  Another  short  anticline  that  resembles  rather 
closely  the  Cogan  House  anticline  is  the  Rose  Valley.  It  is  not  so  striking  as 
the  Cogan  House,  due  largely  to  the  fact  that  residuals  of  Pocono  sandstone  that 
remain  in  the  low  land  give  rise  to  timbered  areas  that  interfere  with  a view  of 
the  structure. 

The  axis  can  be  followed  for  only  about  14  miles.  The  high  of  the  axis 
is  in  northern  Gamble  Township,  Lycoming  County,  and  probably  is  marked  by  twin 
domes.  The  fold  is  steep-limbed  and  narrow-crested.  Dips  of  10°  to  15°  were  ob- 
served within  half  a mile  south  of  the  axis  and  dips  of  40  to  6°  within  half  a 
mile  north  of  the  axis.  The  south  limb  may  be  faulted. 

A well  was  started  to  test  the  Oriskany  in  Cascade  Township  hut  has  been 
abandoned  above  the  sand.  The  well  is  low  on  the  north  flank ~near  the  axis  of 
Bern!  ce  syncl  ine  . 

Muncy  Creek  anticline.  This  structure  is  similar  to  the  Cogan  House 
and  Rose  Valley  anticlines  but  smaller.  The  axis  could  be  traced  for  only  7 
miles  but  it  seems  certain  that  this  fold  or  an  equivalent  fold  must  continue 
eastward  for  another  8 or  10  miles  through  the  mountains  of  eastern  Sullivan  and 
southwest  Wyoming  counties.  Usable  strife  and  dip  data  are  few  and  poor  in  the 
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ntain  area  which  is  underlain  by  massive  cross-bedded  sandstone  and  no  topo- 
phic  expression  of  doming  could  be  recognized  along  the  course  of  the  assumed 
ension  of  the  axis. 

There  is  a dome  on  this  axis  in  the  vicinity  of  Nordmont,  the  high  of 
dome  being  south  of  Nordmont.  Muncy  Creek  follows  the  axis  and  in  the  vicinity 
the  donB  has  carved  out  an  ampitheatre-like  valley.  The  drillable  area  on  the 
ucture  is  small,  as  the  width  of  the  valley  barely  exceeds  a mile. 

On  the  road  from  Muncy  Valley  to  LaPorte  high  on  the  mountain  at  Wright's 
re  is  an  excellent  view  of  the  valley  that  coincides  with  Nordmont  dome. 

On  earlier  maps  Muncy  Creek  anticline  is  shown  as  continuous  with  Tombs 
anticline.  Special  effort  was  made  to  establish  proof  when  it  became  appar- 
that  the  two  structures  are  not  continuous. 

Other  anticlines.  Early  reports  include  mention  of  the  Tombs  Run,  "First" 
"Second"  anticlines  and  recent  drilling  in  the  vicinity  of  Woolrich  predicates 
anticline  at  that  locality.  All  these  structures  lie  just  at  or  south  of  the 
egheny  Front  and  are  steep-limbed  faulted  folds  such  as  characterize  the  Ap- 
achian  Valley  Province.  Dips  of  30°  to  90°  are  observed  and,  where  exposures 
adequate,  faulting  and  close  folds  are  visible.  None  of  these  structures  can 
considered  favorable  drilling  sites  but  what  appears  to  be  the  best  location 
orded  by  any  of  them  is  on  the  Tombs  Run  anticline  near  the  east  line  of 
hony  Township. 

White  Deer  anticline.  This  fold  in  Lackawanna  and  Luzerne  counties  like- 
e belongs  -to  the  Appalachian’  Valley  rather  than  to  the  Plateaus  system  of 
ds.  Only  its  northeast  end  appears  within  the  limits  of  the  area  shown  on  Fig. 
Here  it  is  a gentle  fold  the  axis  of  which  is  poorly  defined  but  which  appears 
plunge  regularly  to  the  northeast.  Its  closeness  to  the  Northern  Anthracite 
in  makes  it  undesirable  for  prospecting  even  though  favorable  structure  were 


Lackawanna  syncline  is  the  dominant  structure  throughout  Wayne,  southeast 
iquehanna,  Wyoming,  and  Lackawanna  counties  and  the  parts  of  Pike,  Monroe, 
ibon,  and  Luzerne  counties  that  lie  north  of  the  escarpment  line  between  Mauch 
ink  and  Matamoras.  Minor  structural  features  are  recognized  within  this  syn- 
inal  area  but  (possibly  excepting  White  Deer  anticline)  there  appear  to  be  no 
il-defined  anticlines. 

The  Northern  Anthracite  fields  occur  near  the  axial  part  of  this  syn- 
;ne  and  extend  as  far  north  as  southern  Susquehanna  County.  Earlier  maps  show 
Lackawanna  axis  trending  north  along  the  Susquehanna-Wayne  County  line,  trans- 
se  to  the  regional  trend  of  the  Plateau  folds,  but  the  change  to  conformable 
ind  in  Wayne  County,  shown  on  Fig.  2 is  supported  by  ample  strike  and  dip  data. 

North  limb.  Eastern  Susquehanna  and  northern  Wayne  counties  are  pretty 
I roughly  covered  with  glacial  drift.  Natural  exposures  of  rocks  are  few  but 
i.em  road  construction  affords  enough  data  to  indicate,  in  a general  way  at 
1st,  what  happens  as  the  Appalachian  folds  approach  the  Lackawanna  syncline. 

I Rome,  Rush,  and  Wilrnot  anticlines  of  western  Susquehanna  County  all  have 
'eper  south  than  north  limbs.  Their  dying  out  is  accomplished  by  the  gentler 
;th  limb  gradually  becoming  a terrace  which  disappears  eastward  and  permits 
1 steeper  south  limb  to  merge  with  the  south  dip  of  the  Lackawanna  syncline. 

I southernmost  fold  dies  out  first  as  the  syncline  plunges  south  and  its  in- 
ence  widens  in  that  direction.  All  the  data  obtained  in  eastern  Susquehanna, 
i them  Wayne,  and  northern  Lackawanna  counties  indicate  a general  monoolinal 
:>  toward  the  Lackawanna  axis.  However,  proximity  of  this  area  to  persistent 
ids  suggests  that  in  effect  it  is  a warped  surface  that  may  be  expected  to  show 
:ior  closures.  There  is  suggestion  of  a reversal  iof  dip  just  south  of  New 
[ford. 


Lackawanna  syncline 
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The  southern  part  of  this  area  that  lies  north  of  and  adjacent  to  the 
Lackawanna  axis,  that  is,  including  part  of  Lackawanna  and  Luzerne  counties  at 
all  of  "Wyoming  County,  affords  fair  rock  exposures  and  its  structure  can  be  de- 
termined in  some  detail.  Along  the  Allegheny  Front  where  it  is  a recognizable 
topographic  feature  and  in  line  with  its  extension  as  far  east  as  western  Lacks1 
wanna  County  the  dip  is  north  into  Bowmans  Creek  syncline.  South  of  this  line 
the  beds  rise  to  the  axis  of  'White  Deer  anticline  and  then  dip  steeply  toward 
the  Lackawanna  axis.  North  of  the  Bowmans  Creek  axis  southeasterly  dips  prevail! 
throughout  all  of  Wyoming  County  the  beds  rise  to  the  axis  of  the  Wilmot  anti- 
cline. The  prevailing  structure  between  the  Wilmot  and  Bowmans  Creek  axes  defi 
nitely  is  a warped  monoolinal  surface.  Small  closures  were  recognized  in  the 
vicinity  of  Mehoopany  and  in  Nicholson  Township,  but  it  is  quite  certain  that  n 
pronounced  fold  crosses  this  area.  A small  closure  also  was  reoognized  south  o 
the  Bowmans  Creek  axis  in  southeast  Eaton  Township. 


The  dip  observed  throughout  this  region  of  monoolinal  dip  north  of  the 
Lackawanna  axis  commonly  ranged  from  1°  to  3°  with  occasional  dips  of  4°  to  5°. 
In  Lackawanna  County  dips  of  10°  to  30°  are  observed  ivithin  1 to  2 miles  of  the 
Lackawanna  axis. 

South  limb.  Throughout  all  the  area  that  lies  between  the  Lackawanna 
axis  and  the  escarpment  line  that  on  Fig.  1 connects  Mauch  Chunk  on  Lehigh  River 
and  Matamoras  on  Delaware  River,  the  regional  dip  is  northwest  toward  the 
Lackawanna  axis.  Near  the  escarpment  the  maximum  dips  are  about  15°,  throughout. 
Pike  and  Monroe  counties  5°  and  6°  dips  are  common  while  in  Wayne  and  Lackawannij 
counties  dips  of  1°  to  3°  prevail  except  near  the  Laokawanna  axis  in  Lackawanna 
County  where  dips  may  exceed  25°.  The  southeast  limit  of  this  unit  is  a topo-  i 
graphic  feature  comparable  in  form  to  the  escarpment  that  marks  the  Allegheny  j 
Front.  South  of  the  escarpment  are  the  highly  folded  rocks  of  the  Appalachian 
Ridge  and  Valley  province  in  which  the  folds  trend  northeast.  On  the  west,  be- 
tween Mauch  Chunk  and  Wilkes  Barre,  there  is  no  definite  escarpment.  Here  both, 
the  physiographic  and  structural  features  of  the  unit  merge  with  the  physio- 
graphic and  structural  features  of  the  Appalachian  Ridge  and  Valley  province. 

The  outstanding  topographic  feature  of  the  area  is  the  Pocono  Mountain  plateau 
which  centers  in  northwest  Monroe  County.  This  is  a broad,  flat  tableland  of 
about  2,000  feet  elevation  that  is  underlain  by  massive  Pocono  sandstone. 


In  Wayne,  Lackawanna,  and  Luzerne ’ counties  south  of  the  axis  outcrops 
are  not  numerous  and  most  of  them  are  of  indifferent  quality.  All  the  data  ob- 
served indicate  that  the  regional  dip  is  toward  the  Lackawanna  axis.  Details  of 
the  structure  could  not  be  made  out  but  it  is  probable  that  here,  as  in  Wyoming 
County,  we  have  a gently  warped  monoolinal  surface  on  which  it  is  fairly  certain 
there  are  no  pronounced  closures.  The  only  definite  reversal  observed  is  in 
northern  Wayne  County  just  south  of  the  synclinal  axis.  An  igneous  dike  of 
diabasic  texture  was  observed  on  the  river  road  about  2 miles  north  of  Narrows- 
burg  and  again  just  west  of  Banningville  on  the  road  to  Beach  Lake . 


In  Pike,  Monroe,  and  Carbon  counties  about  the  only  usable  rock  exposur 
occur  east  of  Pocono  Plateau  in  road  cuts.  The  sandstone  that  underlies  Pocono 
Plateau  yields  almost  no  strike  and  dip  data  but  it  is  probable  that  some  minor 
folds  are  present  here. 

West  of  Lehigh  River  in  the  Appalachian  Ridge  and  Valley  area  is  a rathe 
complex  system  of  strong  folds  that  trend  about  N.55°E.  toward  Pocono  Plateau. 
That  the  effect  of  these  folds  probably  is  reflected  in  the  plateau  structure  is 
suggested  by  data  available  in  eastern  Monroe  and  western  Pike  counties.  A tra- 
verse north  from  Stroudsburg  to  the  Wayne  County  line  shows  a series  of  rather 
uniformly  spaced  reversals  at  about  5-mile  intervals  that  almost  certainly  do  not 
extend  as  far  east  as  central  Pike  County.  Where  determinable  these  anticlines 
are  rather  insignificant  features  being  sharp  and  narrow-crested  and  may  be  pure- 
ly local  irregularities.  On  the  other  hand,  it  is  rather  to  be  expected  that  the 
strong  folds  of  the  region  west  of  Lehigh  River  die  out  gradually  along  their 
strike  and  extend  into  the  Pocono  region  so  that  what  we  have  mapped  may  be  the 
last  traces  of  such  folds  that  persist  east  of  the  Poconos.  Physiographic  data, 
the  absence  of  a well-defined  escarpment  on  the  west  edge  of  the  plateau  region, 
favor  the  latter  interpretation. 
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Near  Paupack,  Pike  County,  a road-cut  exposure  shows  an  abrupt  reversal 
‘rom  3°  N.  to  30°  S.  and  may  indicate  faulting.  A small  closure  was  recognized 
outh  of  Shohola,  Pike  County. 


ii 


Although  neither  the  quality  nor  the  amount  of  data  available  for 
econnaissance  use  in  the  Lackawanna  synclinal  area  will  permit  a definite 
tatement,  it  seems  quite  oertain  that  no  pronounced  closures  are  present  here, 
n view  of  the  fact  that  drilling  would  be  deep  and  that  isovol  values  are  low 
Jhe  area  can  hardly  be  recommended  as  one  in  which  to  prospect  for  oil  or  gas. 

3 


THE  ORISKANY  SAND 


The  Oriskany  formation  is  of  Lower  Devonian  age.  It  outcrops  throughout 
wide  area  in  the  Appalachian  Ridge  and  Valley  area  east  of  the  Allegheny  Front 
at  in  the  Plateaus  region  it  is  known  only  through  having  been  encountered  in 

ells  • 
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s Lithology.  In  general*  the  Oriskany  formation  where  it  outcrops  is  a 

'ine-  to  coarse-grained,  friable,  light-colored  sandstone  but  in  detail  its 
Hthology  varies  considerably  from  place  to  place.  Locally  it  may  be  conglomer- 
bic  in  part  and  may  include  shaly,  cherty,  erruginous,  or  calcareous  phases, 
a eastern  Pennsylvania  outcrops  of  Oriskany  are  dominantly  sandy  to  conglomer- 
ticj  in  central  and  south-central  Pennsylvania  chert  becomes  prominent  to 
eminent}  in  northern  Pennsylvania  the  basal  Oriskany  tends  to  be  a decidedly 
ilcareous  sandstone  and  the  upper  part  slightly  oalcareous.  In  some  areas  the 
sradstone  member  is  absent  and  locally  the  entire  formation  is  missing,  due  ap- 
srently  in  some  instances  to  erosion  and  in  other  instances  to  hiatus  in 
sposition. 

The  lithology  of  the  sand  in  Tioga  Field,  Tioga  County,  as  indicated  by 
rill  cuttings  and  fragments  blown  from  wells,  is  reported  by  Fettke**  as  follows* 

"This  (the  sand)  consists  of  a rather  tightly  cemented,  comparative- 
ly pure,  medium-grained  quartz  sandstone  ranging  in  color  from  light 
gray  to  light  brownish  gray.  In  thin  section,  under  the  microscope, 
fragments  blown  from  the  productive  portions  are  made  up  almost  entirely 
of  an  interlocking  mosaic  of  quartz  grains  possessing  average  diameters 
in  the  coarser  portions  between  0.5  and  1.5  millimeters  and  in  the  finer 
portions  between  0.3  and  0.4  millimeters.  In  thin  section  the  majority 
of  the  grains  appear  to  be  angular  or  subangular,  but  careful  examination 
in  many  instances  reveals  this  angularity  in  part  at  least  is  due  to  the 
secondary  crystalline  outgrowth  of  silica  from  grains  that  originally 
were  round.  Such  secondary  silica  is  the  chief  cementing  material.  Thin 
sections  of  fragments  from  the  upper  portion  of  the  sandstone  blown  from 
productive  wells,  as  a rule,  contain  only  a very  small  amount  of  calcite 
irregularly  distributed  among  the  quartz  grains.  This  is  in  marked  con- 
trast to  the  lower  portion  of  the  sandstone  which,  in  places  where  it  has 
been  penetrated  by  nonproductive  wells,  is  almost  invariably  markedly  cal- 
careous. The  upper  portion  of  the  sandstone  in  nonproductive  wells, 
though  not  as  calcareous  as  the  lower,  is  usually  at  least  slightly  cal- 
careous. Inasmuch  as  all  the  productive  wells  stop  in  the  upper  portion, 
where  the  gas  is  encountered,  it  is  not  known  whether  the  lower  portion 
in  these  wells  also  is  calcareous." 

■ The  lithology  at  Hebron  Field,  Potter  County, is  essentially  the  same  as 

b Tioga  Field.  Fragments  show  the  sand  to  be  fine-grained,  dense,  vitreous 
eck  not  unlike  quartzite  in  appearance. 

_______ 

Pennsylvania  Geol.  Survey,  Mim.  Bull.  102-B,  p.  il,  1931. 
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Porosity.  Cores  of  the  Oriskany  have  not  been  taken  in  this  region. 
Porosities  are  determined  upon  pieces  of  sandstone  blown  from  wells  when  they 
are  drilled  in.  The  average  porosity*  of  61  sanples  from  18  wells  in  Tioga 
Field  is  8.8  per  cent}  of  a suite  of  samples  from  19  wells  in  Wayne -Dundee  (Nev 
York),  Tioga,  and  Hebron  fields  is  8.97  per  cent;  and  2 samples  from  the  Nugent 
well,  Hebron  Field,  show  9.1  and  9.6  per  cent.  Porosities  observed  range  from 
about  3 to  12  per  cent. 


I 


Capacity.  The  capacity  of  the  sand  is  illustrated  by  results  at  Tioga 
and  Hebron  fields.  Prior  to  Feb.  1,  1934  gas  had  been  found  in  43  wells  in 
Tioga  Field.  Initial  volumes  of  wells  ranged  from  85,000  to  70  million  cubic 
feet  in  24  hours  and  averaged  about  15  million  cubic  feet.  Initial  rock  pres- 
sure averaged  about  1600  pounds  per  square  inch.  In  Hebron  Field  14  successful 
wells  range  in  initial  volume  from  3-g-  million  to  33  million  cubic  feet  and  aver 
aged  13  million  cubic  feet.  Initial  rock  pressure  averaged  about  2100  pounds. 


In  these  fields  no  close  relation  between  porosity  of  the  sand  from  a 
well  and  the  volume  of  that  well  is  apparent.  Neither  perhaps  is  the  maximum 
volume  of  wells  (70,000,000  cubic  feet  daily)  entirely  consistent  with  the  por- 
osities observed.  These  possible  discrepancies  may  perhaps  be  explained  by  the 
fact  that  only  the  tightest  part  of  the  sand  may  be  ejected  from  the  wells  as 
fragments  and  the  test  therefore  may  not  be  representative  of  the  sand  as  a who! 
Further  irregularity  in  the  sand  that  may  explain  its  unexpected  capacity  is  th« 
presence  of  minute  fissures,  many  of  which  are  partly  sealed  by  terminated  quar- 
crystals  that  project  from  the  walls.  It  would  seem  that  the  capacity  of  the 
reservoir  has  been  augmented  by  fracturing,  incident  perhaps  to  faulting  of  the 
structures. 


In  Tioga  Field  wells  drilled  near  the  fault  have  found  the  Oriskany  to 
be  very  hard  and  dry,  showing  neither  gas  nor  water.  The  sand  apparently  is  in- 
competent. Absence  of  pore  space  here  may  be  due  to  complete  recementation  of 
the  sand  by  silica.  Presumably  the  sand  shattered  most  near  the  fault  surface, 
and  along  this  shattered  zone  siliceous  solutions  found  an  easy  avenue  of  cir- 
culation. Here  deposition  from  solution  resulted  in, complete  closing  of  both 
fractures  and  pores.  At  a distance  from  this  main  channel  of  circulation,  frac- 
tures and  pores  commonly  are  but  partly  closed,  and  it  is  here  that  we  note 
their  presence  and  the  presence  of  secondary  quartz. 

From  the  foregoing  it  is  seen  that  where  the  sand  is  best  known  in  the 
Plateau  region  it  probably  is  not  in  its  original  condition  but  has  been  subject 
ed  to  secondary  alteration.  Our  limited  information  suggests  that  in  faulted 
structures  the  sand  may  have  been  benefited  at  a distance  from  the  fault  but  tha 
near  a fault  its  capacity  to  hold  gas  may  have  been  destroyed.  Specific  know- 
ledge of  the  sand  will  not  be  had  until  coring  has  become  an  accepted  practice. 


The  gas.  At  Tioga  Field  the  gas  commonly  occurs  within  18  inches  of 
the  top  of  the  sand.  Not  infrequently  voluias s of  several  million  cubic  feet 
under  1600  pounds  rock  pressure  develop  when  the  sand  has  been  penetrated  but 
a few  inches.  The  best  pay  occurs  within  6 feet  of  the  top  of  ' the  sand,  althoug! 
in  a few  instances  additional  gas  has  been  obtained  up  to  15  feet  in  the  sand. 
Similar  conditions  exist  at  Hebron  Field.  On  analysis  the  gas  shows  about  99.5 
per  cent  methane  and  has  a B.t.u.  value  of  1030. 

Salt  water.  Too  little  is  known  about  the  occurrence  of  salt  water  in 
this  sand  to  permit  any  general  statement.  Edge  water  has  been  encountered  at 
Tioga  and  at  Hebron  fields  and  salt  water  occurs  with  gas  in  the  Moran  well  in 
northern  Potter  County.  None  of  the  exploratory  wells  that  are  dry  show  any 
water.  This  includes  wells  drilled  in  synclinal  position  in  Tioga  County. 

Distribution  and  thickness.  The  location  of  all  the  scattered  wells 
drilled  to  the  Oriskany  in  Pennsylvania  for  which  we  have  reliable  data  is 
shown  in  Figs.  1 and  2.  A summary  of  the  results  of  these  wells  and  of  selected 

_______ 


- 20 


unples  from  Hebron  and  Tioga  fields  is  given  under  List  of  Wells.  Briefed 
's  of  all  the  wells  drilled  in  Hebron  and  Tioga  fields  (to  Feb.  1,  1934) 
il  a few  selected  detailed  logs  are  given  in  Pennsylvania  Geological  Survey 
iLletins  106  and  107. 

Exploration  up  to  now  has  shown  the  Oriskany  to  be  absent  at  the  fol- 
»ing  localities  — the  west  end  of  Hebron  dome.  Potter  County,  Sweden  Valley 
ne,  Potter  County,  Hamlin  Township  dome,  McKean  County,  in  northeast  Highland 
raship.  Elk  County,  and  (?)  at  Presque  Isle,  Erie  County.  Except  on  Hebron 
ne  our  information  rests  on  the  results  of  a single  well.  Although  the  sand 
absent  on  the  west  end  of  Hebron  dome  a field  is  located  on  the  east  end  of 
|9  dome  and  similar  relations  may  exist  at  Sweden  Valley  and  Hamlin  Township 
nes  . 

In  Ulster  Township,  Bradford  County,  a well  reported  10  feet  of  Orisk- 
f.  In  Tioga  County  the  thickness  ranges  from  17  to  69  feet  and  in  Tioga  Field 
jrages  45  feet.  Ho  well  in  Hebron  Field,  Potter  County,  has  definitely  drill- 
through  the  sand.  One  well  was  completed  12  feet  in  the  sand,  at  which 
)th  it  was  reported  as  drilling  in  shale,  but  there  is  no  assurance  that  this 
presents  total  thickness.  Thirty-one  feet  of  sand  is  reported  in  East  Fork 
itrict  and  10  feet  in  Allegany  Township,  Potter  County.  In  northern  McKean 
mty  and  adjacent  New  York  one  well  found  20  feet  and  another  18  feet  of  Orisk- 
y.  Two  wells  in  Warren  County  report  10  and  18  feet,  one  in  southeast  Jeffer- 
l County  30  feet,  and  one  in  Forest  County  8 feet.  In  Crawford  County,  5,  10, 

|i  22  feet,  in  Mercer  County  15  feet,  and  Erie  County  5 and  20  feet  are  recorded, 
southwest  Pennsylvania  a well  in  Washington  County  found  10  feet  of  Oriskany. 
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